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Abstract
Background: Autistic people are disproportionately vulnerable to anorexia nervosa and other eating disorders (ED),
and within the general population, autistic traits correlate with ED psychopathology. A putative mechanism which
may underpin this heightened risk is alexithymia, a difficulty identifying and describing emotional states which is
observed in both autism and ED. In two experiments with independent non-clinical samples, we explored whether
alexithymia might mediate the heightened risk of eating psychopathology in individuals high in autistic traits.
Methods: Our first experiment used the PROCESS macro for SPSS to examine relationships between alexithymia
(measured by the Toronto Alexithymia Scale (TAS-20)), autistic traits (autism quotient (AQ)), and eating
psychopathology (Eating Attitudes Test (EAT-26)) in 121 participants. Our second experiment (n = 300) replicated
and furthered this analysis by examining moderating effects of sex and controlling for anxiety and depression as
covariates. We also included an additional performance-based measure of alexithymia, the Levels of Emotional
Awareness Scale (LEAS).
Results: Study 1 suggested that TAS-20 scores mediated the relationship between heightened autistic traits and
eating psychopathology. Replication and further scrutiny of this finding, in study 2, revealed that this mediation
effect was partial and specific to the female participants in this sample. The mediation effect appeared to be carried
by the difficulty identifying feelings subscale of the TAS-20, even when depression and anxiety were controlled for.
LEAS scores, however, were not significantly related to autistic traits or eating psychopathology.
Limitations: Cross-sectional data prevents any conclusions around the direction and causality of relationships
between alexithymia, autistic traits, and eating psychopathology (alongside depression and anxiety), necessitating
longitudinal research. Our non-clinical sample was predominantly Caucasian undergraduate students, so it remains
to be seen if these results would extrapolate to clinical and/or autistic samples. Divergence between the TAS-20
and LEAS raises crucial questions regarding the construct validity of these measures.
Conclusions: Our findings with respect to autistic traits suggest that alexithymia could partially explain the
prevalence of ED in autistic people and may as such be an important consideration in the pathogenesis and
treatment of ED in autistic and non-autistic people alike. Further research with clinical samples is critical to explore
these ideas. Differences between men and women, furthermore, emphasize the importance of looking for sex-
specific as well as generic risk factors in autistic and non-autistic men and women.
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A well-documented but poorly understood relationship
exists between autism spectrum conditions (ASC) and
anorexia nervosa (AN), conditions both associated with
long-term morbidity and increased mortality [1–4]. The
health risks associated with both conditions paint a
worrying picture for the disproportionate number of
autistic individuals found amongst those suffering from
AN [5–7], as does the fact that autism and autistic traits
seem to be associated with poorer prognosis and treat-
ment response [7–11]. It is crucial to understand the
mechanisms which may explain the heightened co-
occurrence of these conditions and offer important in-
sights to treatment.
The common co-occurrence of autism and anorexia is
belied by their conceptual dissimilarity. In current nos-
ology (DSM-5 [12]), autism is recognized as a lifelong
neurodevelopmental condition with genetic origins1 and
which is sometimes accompanied by intellectual disabil-
ity. The key features “persistent across multiple con-
texts” include difficulties in social communication and
interaction, restricted and repetitive behavior, and inter-
ests. In contrast, DSM-5 conceptualizes AN as the most
lethal [14] of several feeding and eating disorders (ED),
an acute psychiatric illness (as opposed to a lifelong dif-
ference in functioning) characterized by restricted cal-
oric intake, intense fear and avoidance of weight gain,
and disturbed body and shape perception. Where an-
orexia is more commonly diagnosed in females with a
typical onset in adolescence [15], autism, in contrast, is
more commonly diagnosed in males [16] and is manifest
in brain differences even in the first year of life.
Despite the conceptual differences between these
two distinct conditions, theorists have been highlight-
ing behavioural similarities between them for many
years [17–20]. Like autistic people, individuals with
anorexia exhibit detail-focused processing, impair-
ments in aspects of executive function and cognitive
flexibility, even an obsessive and perfectionistic nature
[21]. Furthermore, they share in common heightened
negative affectivity [21], blunted facial affect [22, 23],
problems with the theory of mind and cognitive/emo-
tional perspective-taking [21, 24, 25], and tend to
have “long-standing (i.e. premorbid) patterns of inter-
personal discomfort” [23], which when studied in
acutely ill individuals manifest as social impairments
and difficulties making friends [26]. Those with aut-
ism, too, exhibit similarities with anorexic popula-
tions, including rituals around eating and extreme
food selectivity [27–29], though these may be associ-
ated with anxiety, sensory sensitivities, and
gastrointestinal problems rather than the fat-phobia
and weight concern of anorexia. Impaired interocep-
tion may incorporate reduced awareness of hunger
and satiety [30], and autistic people may also experi-
ence distortions in body image [31].
Though ASC and AN are indeed dissociable, a sub-
stantial body of literature supports their common co-
occurrence. In non-clinical populations, autistic traits
and eating disorder symptomatology rise in tandem sig-
nificantly correlated [32–36]. Research involving individ-
uals with anorexia has revealed elevated autistic traits or
symptomatology appear across a range of measurement
tools, including screening questionnaires (such as the
Autism-Spectrum Quotient (AQ) [37]) [7, 38–45], clin-
ical interviews [46], and autism diagnostic tests [6, 47],
and this consistent elevation in autistic symptomatology
suggests disproportionate representation of ASC in this
population [5, 6, 48, 49]2. Notably, this relationship
seems weaker in younger children or adolescents [47,
52–54], which may in part be due to problems with par-
ental report assessments, and parent recognition of aut-
ism in young girls [55]. Furthermore and
problematically, the nature of ED is such that malnutri-
tion can mimic the cognitive rigidity and social impair-
ments of autism. Studies using developmental interviews
or prospective approaches have, however, confirmed the
presence of autistic features before the onset of disor-
dered eating and diagnosed ED [5, 48, 56], and others
have noted the persistence of social difficulties [49],
problems with the theory of mind, empathy and emotion
recognition [57, 58], reduced eye contact [59], detail-
level processing [60–62], and cognitive rigidity [62] after
recovery. Other studies, however, find these issues to re-
cede, sometimes to the point that patients are undistin-
guishable from controls [63–67]. One reason for the
divergence may be different definitions of ‘recovery’.
However, the apparent fading away of autistic symptoms
with age and/or recovery may reflect not only the influ-
ence of malnutrition but also the potentially poorer
prognosis and slower or poorer treatment response of
individuals with high autistic traits or diagnosed autism
[7–11]—with these individuals thus more likely to be
seen in adult services, this would explain the higher co-
occurrence in older samples [55].
The literature thus far suggests that autistic traits or
diagnosed autism are important moderators of individual
risk of eating psychopathology, alongside prognosis and
1With some theorists preferring to talk about ‘the autisms’, it is likely
that ASC encapsulates a family of genetically heterogenous conditions
with these common presenting features [13]
2It is relevant to note that the prevalence of eating disorders is also
heightened in people with other neurodevelopmental conditions,
namely ADHD [50]. As autism and ADHD are strongly comorbid and
share genetic heritability [51], individuals with both autism and ADHD
might possibly be found at higher rates in the eating disorder
population than individuals with either ADHD or autism alone—this is
yet to be explored.
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treatment response. However, research has thus far
neglected another shared commonality seen both in aut-
istic people and people with anorexia, one which might
theoretically add extra risk and contribute to elevated
AN in autism and which might strengthen or even carry
the association between autistic traits and anorexic
symptomatology. Alexithymia is a difficulty in identifying
and verbalizing one’s emotions, a “stimulus-bound, ex-
ternally orientated cognitive style” [68] characterized by
a paucity of imagination and introspection. It tends to
co-occur with deficits in empathy, emotion recognition,
and regulation [69–72], and some suggest it reflects a
more general deficit in interoception, where alexithymic
people may struggle to identify and link bodily sensa-
tions and internal states with emotions [73]. Alexithymia
has received increasing attention in recent years, with
debate around its origin, nature, and means of assess-
ment [74]. Regardless of conceptual differences, theorists
from different approaches unanimously recognize the
connections between alexithymia and pathological states
or disadvantageous outcomes: it is associated with men-
tal and physical ill-health [75, 76], psychosocial difficul-
ties [77], self-injury [78], substance abuse [79], poorer
treatment response to psychological therapy [80], includ-
ing in anorexia specifically [81], and even increases the
risk of suicide, especially in combination with psychiatric
symptoms [82, 83].
It is estimated that approximately half of the whole
autistic population (individuals with and without in-
tellectual disability) experience comorbid alexithymia
[84, 85] and that the condition is biologically based,
both giving rise to symptoms traditionally labelled as
‘autistic’ and being exacerbated by the same [86].
Alexithymia is a common co-occurrence in not only
anorexia but bulimia and binge-eating disorder [87];
in anorexia, it has been estimated in as many as 77%
of female patients [88]. Importantly, recent efforts
have been made to disentangle symptoms of autism
and anorexia from those of alexithymia. Some of the
central features of autism, such as the widely reported
difficulties in emotion recognition, maintaining eye
contact, emotion recognition, empathy, and interocep-
tion, have been linked to comorbid alexithymia but
not to autism itself ([87–90] - though note 68). Like-
wise, emotional deficits in anorexia have been pro-
posed to reflect comorbid alexithymia rather than the
ED itself [70]. Alexithymia is related to anorexic
symptomatology and social struggles in anorexia even
when nutritional status is controlled for [91], though
findings are mixed as to whether it persists after pa-
tients are weight-restored [87].
In a similar vein to studies disentangling the features
of anorexia and autism from those of alexithymia, we
query whether the relationship between the two,
likewise, is in part a product of this comorbid condition.
This has been precisely implied in recent, unpublished
research with autistic individuals and a clinical anorexic
sample, where Hobson and colleagues observed that
alexithymia increased the chances of both groups meet-
ing cut-off criteria for autism diagnosis [92]. In increas-
ing the likelihood that anorexic individuals were more
likely to meet ASC criteria on ADOS-2 items related to
social affect and social insight, the authors suggest that
“co-occurring alexithymia may be a potential explan-
ation for the high proportion of patients with AN who
exhibit symptoms of ASD” (p. 22). This would suggest
that extant alexithymia might inflate the strength of the
relationship between autism, autistic traits, and eating
psychopathology. A similar idea was explored by Man-
sour et al. [36], who examined the mediating contribu-
tion of emotion dysregulation, negative attitudes to
emotions, empathy and body dissatisfaction to relation-
ships between the subscales of the EAT-26 (dieting, bu-
limia, and oral control), and autistic traits (as measured
by the AQ). Whilst empathy and negative attitudes to
emotions did not contribute to these relationships, the
relationship between autistic traits and the dieting scale
of the EAT-26 was mediated by emotion dysregulation
(here measured by the Difficulties in Emotion Regulation
Scale (DERS), which does in fact include two subscales
linked to alexithymia: awareness and clarity of emotions)
and body dissatisfaction. Though direct relationships ap-
peared between autistic traits and the bulimia and oral
control subscales, autistic traits themselves did not sig-
nificantly predict scores for dieting. The authors related
their findings to previous studies where comorbid emo-
tion pathology was also seen to give rise to the appar-
ently elevated autistic traits in an anorexic sample [93],
and thus lend credence to the idea that the autism-
anorexia relationship might be artificially inflated by
comorbidities.
Emotion dysregulation and alexithymia are closely re-
lated concepts. For instance, some authors suggest that
emotion generation and regulation are one concept all
together [94], which can be observed in the way emotion
regulation is sometimes measured (e.g. with the DERS).
However, most authors would agree that they are
unequivalent and that alexithymia probably occurs earl-
ier in the attention to and appraisal of an emotional
stimulus, whereas difficulties regulating one’s emotions
would occur downstream from this at the point of an
emotional response [95]. As such, to compliment the
work by Mansour et al. and to investigate the propos-
ition reflected in the findings from Hobson et al., we
chose to scrutinize alexithymia as a potential mediator
of the relationship between autistic traits (AQ scores)
and eating psychopathology as measured by the EAT-26.
In this two-pronged approach, we first tested the
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hypothesis that TAS-20 scores would mediate the rela-
tionship between autistic traits and eating psychopath-
ology in a non-clinical British sample. On confirming a
significant contribution of alexithymia to this relation-
ship, a second experiment with a larger, independent
sample aimed to additionally address conceptual debates
around alexithymia and its measurement with the
addition of a performance-based measure. In this second
experiment, we also examined moderating influences of
sex whilst controlling for potential confounds in anxiety
and depression. A role for alexithymia in the relationship
between autism and eating psychopathology, if uncov-
ered, might have preventative value in identifying indi-
viduals at increased risk and further emphasize the need
to consider this variable in therapeutic interventions and
predicting outcomes [81, 87].
Experiment 1: methods
Participants
A total of 121 participants (n = 101 females, mean age =
24.3, SD = 8.4; age range = 18–64 years old) were re-
cruited from the student population of Bournemouth
University and from social media. Informed consent was
obtained according to procedures approved by the
Bournemouth University ethics committee. Participants
were rewarded with 0.5 course credit (if they were stu-
dents) or the chance to win a £50 Amazon voucher (ex-
ternal participants) for their time in the study.
Participants were not excluded on the basis of psychi-
atric diagnoses. Fifty-two (43%) participants reported an
additional diagnosis, with the most common being de-
pression (11 participants), anxiety (15 participants), or
combined depression and anxiety (21 participants); add-
itional diagnoses included OCD (3 participants), PTSD
(2 participants), personality disorder (4 participants),
psychosis (1 participant), and ADHD (1 participant).
Two participants reported a diagnosis of an autism
spectrum condition, and six (no overlap) reported an
eating disorder. As these conditions are likely to appear
within the normal distribution of the population, these
participants were included in the analysis, but a second-
ary analysis confirmed that results remained significant
without them.
Materials and procedure
The study was hosted on an online platform (Qualtrics).
After providing some brief demographic details includ-
ing details of any neurodevelopmental conditions, and/
or current, previous, or suspected ED, participants were
free to work through the three questionnaires below in
their own time. In order of completion, these were as
follows.
The Autism-Spectrum Quotient (AQ) [37]
This measure rests on the theoretical proposition that
autism spectrum conditions occur at the extreme end of
a “continuum of socio-communicative disability” (p.6)
encompassing the normal distribution. It has been
widely translated and extensively used in the general
population and those with diagnosed autism [96–98],
and boasts strong psychometric properties, including in-
ternal consistency and test-retest reliability. A cut-off
score of 26 is recommended when the measure is used
for screening purposes in non-clinical groups.
The Toronto Alexithymia Scale (TAS-20) [99]
A short self-report measure of 20 statements, the
TAS-20 can be subdivided into three factors, reflect-
ing identification of one’s own emotional states (dif-
ficulty identifying feelings: DIF) (e.g. “I am often
confused about what emotion I am feeling”), the
ability to verbally describe emotional states to others
(difficulty describing feelings: DDF) (e.g. “It is diffi-
cult for me to find the right words for my feelings”),
and an inclination away from introspection and to-
wards externally orientated thinking (EOT) (e.g. “I
prefer talking to people about their daily activities
rather than their feelings”). Scores above 61 indicate
a clinically substantive level of impairment. The
TAS-20 boasts good internal consistency and test-
retest reliability [100, 101], being the most popular
and most highly translated self-report tool for alex-
ithymia, and has been the most extensively used in
ED research [87].
The Eating Attitudes Test (EAT-26) [102]
This measure was chosen as one of the most widely used
measures of eating psychopathology [103] and comprises
subscales measuring restrictive eating (dieting), bulimic
behaviours, and food preoccupation (bulimia and food
preoccupation), and behaviours around controlling
amount and ways of eating (oral control). The specificity
of these subscales to different ED is however weak [103,
104], so only the total score of the 26 items was analysed
(excluding responses to the items on behaviours, current
height and weight) and must be conceptualized as a
measure of eating psychopathology. The test boasts
strong psychometric properties, including construct val-
idity, test-retest reliability, and discriminant ability be-
tween individuals with current ED, subthreshold
symptoms, and recovered ED [105, 106]. Scores above
20 indicate the presence of eating psychopathology.
The first experiment employed only total scores for
each measure, all of which achieved satisfactory alpha
levels (see Supplementary materials). After participants
had completed the three scales in the order listed above,
they were debriefed and thanked for their time.
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Analysis
Whilst multiple approaches exist for mediation analysis,
we adopted the bootstrapping (resampling with replace-
ment) method employed by the PROCESS macro for
SPSS (version 3) [107]. This powerful method can detect
mediation or moderation effects even in small samples,
with a smaller likelihood of type I errors and freedom
from assumptions of normality in the sample distribu-
tion [107]. With the number of bootstrap samples set to
5000, we analysed relationships between variables in ac-
cordance with PROCESS Model 4, where autistic traits
(X) would exert an influence on eating disorder symp-
tomatology (Y) via the intervening, mediator variable of
alexithymia (M). On computing the correlation coeffi-
cients between X and M (path a), M and Y (path b), and
X and Y (path c, the total effect [which includes the in-
fluence of M]), the direct effect of X on Y (path c’ [c
prime]) controls for the presence of the mediator. The
indirect effect (ab: the path coefficients of a and b) thus
quantifies the strength or influence of the mediator on
the X–Y relationship.
We report the data in accordance with both the usual
alpha level of p < .05 and a more conservative alpha level
of p = .017 after controlling for multiple comparisons.
Experiment 1: results and interim discussion
Descriptive statistics (see Table 1) showed that despite
some variation in autistic traits, eating psychopathology,
and alexithymia, the average scores of the sample were
below clinical or diagnostic cut-offs for each of these
variables. There were however some exceptions where
participants indicated notably higher levels of autistic
traits, eating psychopathology, or clinical alexithymia.
As shown in Fig. 1, significant relationships existed be-
tween autistic traits and alexithymia (path a: b = .76, p <
.001; R2 = .24, F (1, 119) = 37.4, p < .001), and between
alexithymia and eating psychopathology (path b: b = .23,
p = .013). The total effect (path c), that is the relation-
ship between autistic traits and eating psychopathology
without controlling for the effect of alexithymia was
significant (b = .27, p = .036; R2 = .04, F (1, 119) = 4.51,
p = .036; though this relationship did not meet our more
stringent corrected alpha level). However, when control-
ling for the presence of alexithymia, the direct
relationship between autistic traits and eating psycho-
pathology (path c’) became non-significant (b = .10, p =
.507); the indirect effect of alexithymia on the relation-
ship between autistic traits on eating psychopathology
(ab) was .18, a significant effect (CI .032, .347). This
shows that alexithymia accounted for 18% of the effect
of autistic traits on eating psychopathology.
The complete disappearance of the significant relation-
ship between autistic traits and eating psychopathology,
upon controlling for TAS-20 scores, suggests a full me-
diation effect: that the aforementioned relationship was
dependent on the presence of alexithymia. However, a
degree of confidence in this finding necessitated replica-
tion for several reasons. Firstly, it is important to recog-
nise that due to the differing biological and sociocultural
influences on males and females, there are likely both
generic and sex-specific factors at play in the pathogen-
esis of eating disorders [108]. Where studies of autism
and of anorexia tend to study predominantly male or fe-
male samples respectively, one goal of our replicative
second study was to examine potential moderating influ-
ences of sex, in order to identify if alexithymia is an im-
portant contributor to the autism-anorexia relationship
for both males and females.
A second goal of the second experiment was to decon-
struct and further elucidate the link between autistic
Table 1 Experiment 1: average scores, followed by standard deviation (brackets) and range (italics) for all participants on the
Autism-Spectrum Quotient (AQ), Eating Attitudes Test-26 (EAT-26), and Toronto Alexithymia Scale-20 (TAS-20). The second column
represents the number of participants who scored at or above cut-offs for autistic traits (26 for the AQ), eating psychopathology (20
for the EAT-26), and alexithymia (61 for the TAS-20)
All participants (n = 121) Participants scoring at/above cut-offs (n)
Autistic traits (AQ) 16.0 (8.0), 45 11
EAT-26 total 12.2 (11.3), 56 25
TAS-20 total 47.8 (12.5), 56 19
Fig. 1 Experiment 1: regression coefficients for the relationship
between autistic traits (AQ) and alexithymia (TAS-20) (path a),
between alexithymia and eating psychopathology (EAT-26) (path b),
between autistic traits and eating psychopathology including the
contribution of alexithymia (path c—the total effect), and between
autistic traits and eating psychopathology controlling for the
mediating effect of alexithymia (path c’). P values are reflected by
asterisks where p < .001 is depicted with three asterisks, and p < .01
is depicted with two asterisks
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traits and eating psychopathology, and the mediating
role of alexithymia in this relationship. We did this in
two ways. Initially, we examined whether any one par-
ticular element of the alexithymia construct as conceptu-
alized by Bagby and colleagues was especially important
to the relationship between autistic traits and eating psy-
chopathology. The individual subscales of the TAS-20
(DIF, DDF, and EOT) were henceforth scrutinized as in-
dependent mediators between AQ and EAT-26 scores.
As an additional step in our deconstruction of the
alexithymia construct, we considered how other mea-
sures of alexithymia might operate within the AQ–EAT-
26 relationship. The TAS-20 is perhaps the most popu-
larly used of self-report measures for alexithymia, but an
inherent fallacy has been argued to exist in self-report
measures which require highly alexithymic participants
to accurately report how they feel [109, 110]. Moreover,
the TAS-20 may more reflect people’s beliefs about
themselves rather than provide an accurate representa-
tion of their ability [111]. It is known to detect neuroti-
cism, shame, and general negative affect, as well as
somatic or medically unexplained symptoms [112–115].
This issue is averted via behavioural measures which can
corroborate poorer ability to identify, differentiate be-
tween, and describe emotions. Importantly, two studies
investigating patients with anorexia [116, 117] found a
disparity where high self-reported levels of alexithymia
(TAS-20) were belied by scores comparative to controls
in one such measure, the Levels of Emotional Awareness
Scale (LEAS: [118]). They note that the self-report mea-
sures such as the TAS-20 require judgements of self-
efficacy in the identification and describing of emotions,
and in hence involving self-evaluation of one’s own
emotion-processing abilities, may be distorted by genu-
ine lack of awareness (alexithymia) or by low self-
image3. In accordance with this view, the LEAS has, in-
deed, been seen to be only weakly correlated, if at all, to
the TAS-20 [111]. In an attempt to elucidate what pre-
cisely drives the mediating effect of alexithymia on the
relationship in question, and further to check any dispar-
ity between self-reported alexithymia and behavioural
emotion identification and descriptive skills, we thus also
explored LEAS scores as a mediator in the relationship
between autistic traits and eating psychopathology.
A third and related goal pertained to the need to con-
trol for the potentially confounding variables related to
alexithymia. As anxiety and depression contribute sub-
stantial variance to TAS-20, and likewise to LEAS scores
to a lesser extent [119, 121, 122], our second experiment
followed recommendations [123] to include these as
covariates in order to disentangle their contribution
from that of alexithymia.
Experiment 2: methods
Participants
An independent sample of 300 participants (n = 237
females, mean age of total group = 20.7, SD = 5.6;
age range = 18–60 years old) was recruited opportun-
istically from the student population of Bournemouth
University and from social media. Ethical procedures
were followed and participant compensation awarded
as in experiment 1.
As before, participants with psychiatric diagnoses
were not screened out. Ninety-five participants
(31.7%) disclosed that they had a current or historic
psychiatric diagnosis, most commonly depression (21
participants), anxiety (30 participants), or combined
depression and anxiety (29 participants); other diag-
noses were OCD (6 participants), PTSD, ADHD or
personality disorder (2 participants for each), and
psychosis (1). Seventeen participants had formally
been diagnosed with an eating disorder (anorexia ner-
vosa [9], bulimia nervosa [5], binge-eating disorder
[2], or eating disorder not otherwise specified [1]).
Four participants had an autism spectrum diagnosis
(three of the four also had an eating disorder: bu-
limia, anorexia, and binge-eating disorder respect-
ively)—again, analyses were re-run without these
participants to confirm that results remained
consistent.
Materials and procedure
As in experiment 1, participants first completed the
TAS-20, the AQ, and the EAT-26. They were then asked
to complete the following, additional measures:
The Levels of Emotional Awareness Scale, short form (B)
(LEAS: [118])
This measure assesses awareness of emotional states and
the depth and complexity of an individual’s emotion vo-
cabulary. It was originally based on a five-tiered develop-
mental model of emotional awareness, where higher
scores reflect access to and ability to verbalize more so-
phisticated blends of emotion that might differentiate
between the self and one other. In accordance with the
relationship of alexithymia to mental and physical ill-
health, lower scores in the LEAS, too, have been associ-
ated with a number of pathological states including
somatic disorders, depression, PTSD, substance abuse,
and even ED [119, 124–127]. With the ten vignette ver-
sion, participant scores ranged between 0 and 50, with
the normative average being 31 (see Supplementary ma-
terials for more, including details of scoring).
3Some studies do, however, find differences between ED patient
groups and control comparison groups on the LEAS [119, 120], so
there is some discrepancy in the field.
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The Patient Health Questionnaire (PHQ-9 [128])
This short screening measure of state depression (within
the last 2-week period) has received extensive clinical
usage and possesses strong psychometric properties
[129]. Scores of 5–9, 10–14, 15–19, and 20–27 indicate
mild, moderate, moderately severe, and severe depres-
sion respectively. A normative score of 3.2 is seen for
people in the 18–29 age bracket [130].
The Beck Anxiety Inventory (BAI [131])
This short screening test for state anxiety (within the last
week) has likewise received popular clinical use and ex-
tensive validation of its properties [132]. Scores of 0–7
indicate minimal anxiety; scores of 8–15, 16–25, and
30–63 indicate mild, moderate, and severe anxiety re-
spectively. The normative average for participants in the
18–44 age bracket is 7.3 [133].
After completing the 6 questionnaires, participants
were thanked and debriefed. Reliability scores were again
checked for this sample (see Supplementary materials)
and proved satisfactory in all measures with the excep-
tion of the EOT (externally orientated thinking) subscale
of the TAS-20, which has indeed been shown to be the
least reliable subscale in previous research [101].
Analysis
Analysis for our second experiment utilized PROCESS
Model 59 for moderated mediation. Herein, we first rep-
licated the mediation analysis of total AQ scores (X),
total TAS-20 scores (M), and total EAT-26 scores (Y),
whilst examining moderating effects of sex (W) on each
pathway. As a second step and towards the goal of
deconstructing the alexithymia construct, we replaced
the single TAS-20 total first with the subscales of the
TAS-20 (DIF, DDF, and EOT) as parallel mediators, and
then with total LEAS score, all the while retaining sex as
a moderating factor.
Unfortunately, a technical error meant that we ob-
tained PHQ and BAI scores for only 223 of the 300 par-
ticipants (40 males). As such, we repeated our
deconstructed mediation analysis above (first for the
TAS-20 subscales, then for the LEAS) for this subset of
participants whilst controlling for depression and
anxiety.
As before, for each mediation analysis, results were
interpreted in accordance with standard alpha levels (p <
.05) and checked against a more stringent corrected
alpha level of p = .017 for analyses with the TAS and
LEAS total, and p = .007 for the mediations using the
three subscales of the TAS-20.
Experiment 2: results
Descriptive statistics for our female and male partici-
pants (see Table 2) revealed that on average (with a few
exceptions), our typically developing participants were
below suggested cut-offs signifying diagnostic levels of
autistic traits, eating psychopathology, and alexithymia.
In a replication of the analysis from experiment 1, with
total scores from the AQ, TAS-20, and EAT-26, signifi-
cant relationships existed between autistic traits and
alexithymia (path a: b = .97, p < .0044; R2 = .26, F (3, 296)
= 34.25, p < .001), and between alexithymia and eating
psychopathology (path b: b = − .68, p = .0342). Sex exerted
no significant effect or moderating influence on path a,
but exerted a significant effect on the model predicting
eating psychopathology (b = − 22.79, p = .0011, reflecting
higher scores in females) and a significant moderation
effect (b = .52, p = .0024) on the relationship between
eating psychopathology and TAS-20 scores. This pathway
(b) was significant for female (b = .36, p < .001) but not male
participants (b = − .16, p = .3028). A significant index of
moderated mediation (b = .46, CI .21, .77) indicated that sex
moderated the critical relationship between autistic traits and
eating psychopathology, and breakdown of this effect
revealed a partial mediation for female participants, with
both a significant direct effect of autistic traits on eating
psychopathology (path c’: b = .30, p = .0128), and a sig-
nificant indirect effect via TAS-20 scores (ab .31, CI .16, .48).
For male participants, these direct (b = .18, p = .41)
and indirect effects (ab − .14, CI − .41, .04) were non-
significant (Fig. 2, part 1).
Next, the subscales of the TAS-20 were entered as par-
allel mediators (Fig. 2, part 2). This secondary analysis
revealed significant relationships between autistic traits
and DDF (path a1: b = .38, p = .0074) and between autis-
tic traits and DIF (path a2: b = .44, p = .0183), but not
between autistic traits and EOT (path a3: b = .16, p =
.1926). DIF and DDF were seen to furthermore be
strongly correlated with each other (b = .72, p < .001), as
to a weaker extent were DDF and EOT (b = .35, p <
.001), and DIF and EOT (b = .21, p = .001)—but sex
exerted no significant main or moderation effects. A main
effect of sex emerged in the model predicting eating psy-
chopathology (b = − 16.81, p = .0412; R2 = .24, F (9, 290)
= 9.95, p < .001), but a significant moderation effect (b =
.97, p = .0105) was seen only on the relationship between
DIF and eating psychopathology (path b2), which was sig-
nificant for females (b = .82, p < .001) but not for males (b
= − .16, p = .6481). Pathways between DDF (path b1: b = −
.36, p = .6688) and EOT (path b3: b = − .15, p = .8394)
and eating psychopathology were non-significant for all
participants and unaffected by sex. The direct effect (c’) of
autistic traits on eating psychopathology, as above,
remained significant for females (b = .28, p = .0216) but
not for males (b = .19, p = .3918). For females, this rela-
tionship was partially mediated by DIF, as reflected in a
significant indirect effect (ab: b = .36, CI .21, .54); with a
significant index of moderated mediation (b = .43, CI .16,
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74), this indirect effect was non-significant for males (ab:
b = − .07, CI − .32, .13). The indirect effects of DDF and
EOT were non-significant for males and females.
We next examined total LEAS score as a mediator.
Whilst the overall model predicting LEAS scores was mar-
ginally significant (R2 = .03, F (2, 296) = 2.66, p = .0483),
the relationship between autistic traits and LEAS scores
was not (path a: b = .12, p = .296); there was instead a
main effect of sex where female participants tended to
outperform males (b = 2.66, p = .0328), though no signifi-
cant moderation. In the significant overall model pre-
dicting eating psychopathology (R2 = .12, F [5, 294] = 7.88,
p < .001), there was no significant relationship between
LEAS scores and eating psychopathology (path b: b = .62,
p = .46), and no significant direct effect of autistic traits
on eating psychopathology (path c’: b = .53, p = .15). A
significant moderation effect (b = .57, p = .0066) re-
vealed that this direct effect was in fact significant for
women (b = .61, p < .001), as seen above. With a non-
significant index of moderated mediation (b = .01, CI − .04,
.10), the indirect effect of LEAS scores on the relationship
between autistic traits and eating psychopathology (ab) was
non-significant for men (b = − .01, CI − .08, .04) and
women (b = .00, CI − .02, .05). On checking for relation-
ships between the LEAS and the TAS-20 (and its sub-
scales), all relationships were well below significance.
We then analyzed a subset of the same participants
in whom we could control for depression and anx-
iety (see Supplementary materials for descriptive sta-
tistics and full statistical notations). With BAI and
PHQ scores entered as covariates alongside DDF,
DIF, and EOT, the direct effect of autistic traits on
EAT-26 scores was non-significant (b = − .03, p =
.82; R2 = .33, F (6, 216) = 17.485, p < .001), with de-
pression (b = .71, p < .001), anxiety (b = .15, p =
.0468), and DIF (b = .46, p = .0079) significantly
contributing to the model. As before, only DIF
exerted a significant indirect effect (b = .11, CI
.0280, .2064) mediating the relationship between aut-
istic traits and eating psychopathology. As in our
previous analysis with LEAS total as a mediator,
there was no significant direct effect of autistic traits
on eating psychopathology and no mediating effect
of LEAS scores, but significant contributions from
anxiety and depression to the model predicting eat-
ing psychopathology.
Discussion
Understanding the commonalities which link autism and
anorexia nervosa seems imperative, given that autistic
individuals and those with high autistic traits seem dis-
proportionately over-represented in populations with
this deadly disorder [5, 7, 17–20, 38–41, 43, 45, 48, 49,
55, 91] and seem to tend towards a poorer prognosis
and treatment response [7–11, 55]. We scrutinized the
relationship between autistic traits and eating psycho-
pathology with a focus on one putative mediating factor
that might hypothetically serve as a risk factor for ED in
autistic people and those with high autistic traits: levels
of alexithymia. We corroborated the relationship be-
tween autistic traits and eating psychopathology which
has been previously observed with these same measures
[32–36], but three new findings are of especial interest.
These include (a) a complete or partially mediating role
of alexithymia as reflected in TAS-20 scores, notably the
difficulty identifying emotions aspect, in the relationship
between autistic traits and eating psychopathology; (b)
the influence of several other variables on this relation-
ship, including sex, anxiety, and depression; and (c) the
divergence between self-report (TAS-20) and
performance-based (LEAS) measures of alexithymia. We
will discuss these three major findings, their implica-
tions, and complexity of interpretation, in turn.
Table 2 Experiment 2: average scores, followed by standard deviation (brackets) and range (italics) for male and female participants
on the Autism-Spectrum Quotient (AQ), Eating Attitudes Test-26 (EAT-26), Toronto Alexithymia Scale-20 (TAS-20 total and subscales),
and Levels of Emotional Awareness Scale (LEAS). The fourth column depicts the number of participants (female/male) who scored
above cut-offs on the AQ (cut-off: 26), the EAT-26 (cut-off: 20), or the TAS-20 (cut-off: 61), and below the general population average
for the LEAS (31)
All participants (n = 300) Female (n = 237) Male (n = 63) Participants scoring at/above cut-offs,
or below LEAS average: (f) n/(m) n)
Autistic traits (AQ) 16.7 (7.2), 46 16.4 (6.8), 42 17.8 (8.6), 43 28/7
EAT-26 total 11.7 (12.4), 75 12.7 (13.2), 75 7.8 (7.8), 43 53/15
TAS-20 total 50.2 (12.7), 65 50.1 (12.9), 65 50.5 (12.2), 47 52/4
TAS-20 DDF 14.2 (5), 20 14.2 (5), 20 14.5 (5.1), 19 –
TAS-20 DIF 16.7 (6.7), 26 16.9 (6.9), 26 16.1 (6.1), 22 –
TAS-20 EOT 19.2 (4.1), 24 19 (4.1), 24 19.8 (4.2), 18 –
LEAS 31.8 (3.7), 23 32.0 (3.7), 23 30.8 (3.7), 15 94/33
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Alexithymia: a bridge from autistic traits to eating
psychopathology?
That controlling for alexithymia (TAS-20 scores) as a
mediator resulted in complete (with a mixed sample, ex-
periment 1) or substantive (females only, experiment 2)
loss of significance in the relationship between autistic
traits and eating psychopathology is a startling finding in
several ways. Initially, it calls into question the well-
established relationship demonstrated in previous stud-
ies with these very measures. The full mediation effect
seen in experiment 1 suggested that autistic traits exert
their influence on eating psychopathology not directly,
but entirely via alexithymia. Attempted replication of
this effect, in experiment 2, added extra definition to this
finding, suggesting that the mediation effect was in fact
partial, contributed to by other factors, and present in
females alone. Heightened autistic traits were still associ-
ated with heightened eating psychopathology when the
effect of TAS-20 scores was controlled for, but alexithy-
mia accounted for almost a third (31%) of the variance
in this relationship, such that autistic traits also exerted
their influence on eating psychopathology via alexithy-
mia. The effect size of a mediator must be interpreted
with caution, as it can be distorted by direct and indirect
Fig. 2 Experiment 2: Part 1 depicts relationships and mediation effects between autistic traits (AQ total), alexithymia (TAS-20 total), and eating
psychopathology (EAT-26 total), with sex as a moderator. Relationships unaffected by sex are depicted in black; where sex did exert a moderating
effect, blue and pink are used to depict the nature of relationships for male and female participants respectively. Part 2 depicts relationships between
autistic traits (AQ total) and eating psychopathology (EAT-26 total) with the subscales of the TAS-20 (DDF, DIF, EOT) as parallel mediators and sex as a
moderator, using the same colour scheme to depict where and how relationships were moderated by sex. In both parts, p values are reflected by
asterisks where p < .001 is depicted with three asterisks, p < .01 is depicted with two asterisks, and p < .05 is depicted with an asterisk
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effects that cancel each other out [134] and by the po-
tential presence of other, unmeasured variables that
affect all three variables and the relationships between
them. We controlled for two of these in depression and
anxiety, and in doing so confirmed that one particular
facet of alexithymia, DIF, retained its mediation effect on
the relationship between autistic traits and eating
psychopathology.
Casting doubt on previous evidence of a direct rela-
tionship between autistic traits and eating psychopath-
ology, our data is redolent of the recent findings from
Hobson et al. [92]. These authors found that anorexic
patients were more likely to reach diagnostic cut-offs for
autism if they also exhibited comorbid alexithymia (mea-
sured in TAS-20 scores). In so far as alexithymia is con-
cerned, one possibility is that comorbid alexithymia may
make autistic features more obvious or clinically severe
(as in Hobson and colleague’s study, alexithymia seemed
to inflate autism diagnostic scores in an autistic sample,
too), thus artificially boosting the relationship between
autistic traits or diagnoseable autism and eating psycho-
pathology. This would be even more important to con-
trol for if, as mentioned before, both alexithymia and
autistic traits are a product of the ED disease state. This
interpretation also seems fitting with data from West-
wood, Mandy and colleagues [6], where in anorexic pa-
tients, a relationship was seen between autistic
symptoms (as measured by the ADOS-2 [135]) and
TAS-20 scores, but not with eating psychopathology dir-
ectly: the authors suggest “it is possible that symptoms
such as these may mediate the relationship between AN
and ASD, causing individuals to appear autistic as a sec-
ondary effect of other symptoms” (p.7).
Another potential interpretation of the mediation ef-
fect, one more clinically relevant, is that autistic individ-
uals, or individuals with high autistic traits, are only at
greater risk of eating psychopathology if they also exhibit
higher levels of alexithymia; that having greater autistic
traits alone does not confer this heightened risk. This in-
terpretation is contraindicated, however, by the partial
mediation effect seen in experiment 2, which suggests a
model wherein autistic individuals and those with high
autistic traits may still be at heightened risk for eating
psychopathology by virtue of their autistic traits alone
(which also dispose them to other potential contributors,
like depression and anxiety), but these autistic traits
might exert an additional pathway to eating psychopath-
ology through their close relationship with alexithymia.
Several mechanisms have been posited as to how autistic
traits or diagnoseable autism could heighten the risk of
eating psychopathology: a strong “systemizing” drive that
would lend itself to meticulous monitoring of caloric in-
take [45]; increased likelihood of digestive problems and
food sensitivities, and cognitive rigidity and narrow focus
that could further exacerbate selective eating or food re-
fusal [21]; increased likelihood of poorer body image
[31], higher weights [136], and thus potential weight-
based discrimination alongside the generally heightened
risk of bullying [137]; and a failure to pick up the typical
social rules and reinforcement around eating [21]. The
ways that alexithymia could confer heightened risk have
been extensively studied in the ED domain. “Secondary”
alexithymia, that which arises from environmental influ-
ences rather than being purely dispositional [68], might
result from an emotionally repressive upbringing and lead
to distress associated with experiencing an emotion,
avoidance, and maladaptive coping strategies [138].
Whether dispositional or environmental, alexithymia has
been suggested to increase risk of psychopathology as part
of greater difficulties with emotion regulation, including
having limited strategies; poorer emotional awareness and
differentiation (the alexithymia aspect); poorer inhibition
of impulses, especially when distressed; and lower likeli-
hood of being accepting and tolerant of own emotions
[139, 140]. Alexithymia is also suggested to exacerbate the
social difficulties [91] which some theorists place central
to anorexia and other ED [141]. Alexithymia’s contribu-
tion to autistic symptomatology itself is debated, but it is
posited to exacerbate (if not cause) deficits in emotion
regulation, emotion recognition, and empathy, and thus
compound social difficulties [142–145]. As such, it seems
perfectly logical that co-existing alexithymia alongside aut-
ism or autistic traits would increase (as opposed to cause)
an individual’s risk of developing eating psychopathology.
In qualitative research, alexithymia has indeed been identi-
fied by autistic people themselves as one risk factor for
their ED, alongside other elements of being autistic [146].
These qualitative comments and our own quantitative
findings, if validated by future research, would corroborate
the marked clinical import of identifying comorbid alex-
ithymia in autistic people [85].
Moderators and covariates in the AQ–(TAS-20)–EAT-26
relationship
Sex
Our second experiment allowed us to examine the im-
pact of several other variables and their influence on
alexithymia, our focal mediator. In large part because of
the female predominance in ED [15], studies investigat-
ing autism and autistic traits in anorexic or other ED pa-
tients have involved female samples with few or no male
participants [5–7, 38–42, 45–49, 52, 53]. Even studies
exploring the autism-anorexia link in the typically devel-
oping, healthy population have tended to adjust or con-
trol for effects of sex in correlation analyses [32, 33, 36],
rather than actively examining them. The involvement
of autistic traits (and indeed alexithymia) in male
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disordered eating reflects an important gap in our know-
ledge and motivated our interest in sex as a moderator.
In so far as TAS-20 scores are concerned, a major
finding from our analysis was the sex specificity of cer-
tain relationships. Inclusion of sex as a moderator re-
vealed that relationships between eating
psychopathology and TAS-20 (total and subscale scores;
path b) were moderated by sex. The mediation of the
central relationship under investigation (between autistic
traits and eating psychopathology) was also moderated
by sex, as reflected by a significant index of moderated
mediation—alexithymia partially mediated this relation-
ship for female participants, but not for males. The con-
nection between autistic traits and alexithymia
corroborates the general prevalence of alexithymia in
both male and female autistic people [84, 86], but the
lack of relationship between eating psychopathology and
alexithymia was surprising, given the links demonstrated
between these phenomena in women [87], and intri-
guing, as to our knowledge, there are no studies demon-
strating alexithymia as a prominent feature of male ED.
Our male sample was small, and although the average
mean, standard deviation, and range of scores in the
TAS-20 and the AQ were comparable to the female
group, the mean EAT-26 score was markedly lower. Par-
ticipants were more closely clustered around the average
score, with a smaller range and standard deviation, and
so it is possible that the limitations of this sample were
responsible for the moderating effect of sex. The boot-
strapping method is generally robust to violations of
normality and suited to small sample sizes [107, 147], so
the possibility that relationships between autistic traits,
eating psychopathology, and alexithymia do differ in
males is still plausible until replicated in a larger sample.
This interpretation is bolstered by recent, yet unpub-
lished data from the Tchanturia group, who examined
eating psychopathology in autistic men [148]. Though
significant relationships between the subscales of the
Eating Disorder Examination Questionnaire (EDE-Q)
and the AQ-short were seen, regression revealed that
anxiety and BMI fully explained the variance in eating,
shape, or weight concern, where autistic traits did not.
Given the absence of a relationship between autistic
traits and restrictive symptoms and that higher BMI in
the male autistic participants was instead associated with
greater eating psychopathology of the binge-eating type,
the authors suggest that “restrictive eating disorders
might be less relevant to autistic men compared to
women” (p. 11).
Like our own findings, this suggestion certainly re-
quires replication and validation, particularly as the
study involved a community rather than clinical sample.
There is a vital need, generally, to attend to the central
and peripheral factors that differentiate male from
female ED. However, given that prevalence of ED seem
more balanced in neurodiverse men and women than in
the general population [149], it is also crucial to investi-
gate sex-specific mechanisms driving the increased risk
for ED in autistic people and those with heightened
traits. Considering the downplaying of the relationship
of both alexithymia and autistic traits to eating psycholo-
pathology in our male sample, it seems entirely plausible
that different risk factors in men and women may make
the co-occurrence of autism and eating disorders more
likely. This lack of relationship between ED and alexithy-
mia might explain why there was no relationship be-
tween ASD and ED in our male sample, strengthening
the case for alexithymia being a mediator of this rela-
tionship. However, due to limitations of our sample de-
scribed above, this is only hypothetical at this stage and
further research is needed with a larger male sample to
confirm these results.
Anxiety and depression
In their unpublished study of eating psychopathology
in autistic men, Kinnaird et al. [148] highlight anxiety
as a putative mechanism of importance; as this most
consistently predicted scores on the EDE-Q, the au-
thors speculate that anxiety might be a risk factor
that increases autistic vulnerability to eating disorders.
The importance of anxiety as “one developmental
pathway” to AN [150] has been recognized in non-
autistic people—but just as with alexithymia, malnu-
trition in individuals with disordered eating makes it
difficult to decipher any pathogenic role of anxiety or
depression. Like alexithymia and malnutrition, anxiety
and depression artificially inflate autistic symptom-
atology [39, 48, 55]. Furthermore, alexithymia is intri-
cately linked to depression and anxiety in ED and
non-ED populations [151–154]. Though the present
study could not speak to causal primacy between any
of these constructs, we nevertheless attempted to dis-
entangle any individual variance contributed by alex-
ithymia as a mediator from potential contributions of
depression and anxiety, as recommended in recent re-
view [123]. The data suggested independent mediating
effects of depression, anxiety, and the DIF subscale of
the TAS-20 underpinning the relationship between
autistic traits and eating psychopathology—that these,
indeed, wholly explained the relationship, further cast-
ing doubt on the direct relationship between autistic
traits and eating symptomatology, and highlighting
the importance of controlling for these variables in
future studies. That DIF stood out from the TAS-20
subscales is concordant with data from Torres et al.
[154] in a clinical sample. Whilst depression wholly
mediated the relationship between DDF and a diagno-
sis of AN, these authors found a relationship between
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DIF and AN independent of depression. It is neces-
sary at this point to consider alexithymia and its as-
sessment in more depth, whereby we shall revisit the
point around depression and anxiety.
Decoding alexithymia: self-report vs. performance
measures
Our discussion thus far pertains to self-reported alex-
ithymia as measured by the TAS-20, but there is theor-
etical confusion and debate around the nature of
alexithymia, with different groups producing measures
based on their theoretical positions [74]. This emerged
in our analysis with the discrepancy between self-report
and behavioural measures of alexithymia: the former re-
lated to both autistic traits and eating psychopathology
and a significant mediator between the two, the latter
unrelated to autistic traits, eating psychopathology, or
even anxiety and depression. Further theoretical decon-
struction of these measures and the construct is thus ne-
cessary in order to understand this difference and
identify where heightened risk may lie.
The “gold standard” of alexithymia measurement, the
TAS-20, rests on the perspective that alexithymia is a di-
mensional construct with subclinical levels [155], encap-
sulating four factors: difficulty identifying feelings (DIF),
difficulty describing feelings (DDF), externally orientated
thinking style (EOT), and constricted imagination (not
represented as an independent factor in the TAS-20). In
this approach, EOT and constricted imagination are as-
sociated with operative thinking, i.e. thinking that is
functional and stimulus-bound such that emotional
states are not attended to, and DIF and DDF with poor
appraisal of emotions [74]. In experiment 2, the medi-
ation effect of total TAS-20 score was clearly carried by
the DIF factor even when anxiety and depression were
controlled for. This is redolent of the aforementioned
suggestions that poor emotion awareness increases psy-
chopathology in conjunction with poor emotion regula-
tion skills [139, 140]. Where DIF might reflect a
problem with initially recognizing and appraising an
emotion, emotion dysregulation—suggested by Mansour
and colleagues to mediate the relationship between AQ
and the dieting subscale of the EAT-26 [36]—would
occur downstream or potentially even consequentially
from this [101]. The lower reliability of EOT and its lack
of relationship with eating disorders are consistent with
previous research [101, 123, 138], explaining further why
EOT did not emerge as a mediator in this analysis.
The TAS-20 is far from universally supported as a
valid measure of alexithymia, hence our inclusion of a
performance-based measure of difficulty identifying, dif-
ferentiating, and describing emotions. One aforemen-
tioned criticism frequently levelled at the TAS-20 is its
confounding relationship with negative affect and
comorbid psychopathology like depression and anxiety
(which may affect the LEAS less [117–119]—though see
223). We too found that depression and anxiety were re-
lated to the DDF and DIF subscales of the TAS-20 (and
not to the LEAS). While some have found DIF especially
related to distress [115], others studying the construct
with relation to AN have identified contributions of DIF
which are distinct from those of depression, at least
[154]. Our data supports this view, as DIF remained a
significant mediator once depression and anxiety were
controlled for. While controlling for anxiety and depres-
sion may be warranted, the authors of the TAS-20 re-
cently suggested that though scores on the TAS-20 may
fluctuate in a minor way due to transient states of de-
pression and anxiety, higher or lower levels of trait alex-
ithymia can still be detected with relative stability across
an individual’s lifespan. Furthermore, these authors
conceptualize the relationship between alexithymia and
negative affect as a fundamental aspect of their theoret-
ical model, where alexithymia would be expected to give
rise to negative affect. As such, the authors suggest that
where shared variance is seen between alexithymia, de-
pression, and anxiety, this is less of a concern than a nat-
ural reflection of the causal primacy of alexithymia in
generating psychopathology, suggesting controlling for
such factors may not be necessary after all.
Another motivation for our inclusion of the LEAS is
that it bypasses the fundamental confound that pro-
foundly alexithymic individuals should, by nature of the
construct, have difficulty with self-report [109, 110, 118,
156]. In perfectionistic groups tending towards low self-
worth—such as individuals with eating disorders—it may
also be problematic to require self-evaluation of
emotion-processing skills. This is the precise explanation
offered by studies which found people with eating disor-
ders to perform comparably to controls on the LEAS
even whilst reporting higher alexithymia on the TAS-20
[114, 115]—though see [117, 153]. To our surprise, there
were no correlations between our variables of interest
and performance on the LEAS. The comparative scarcity
of LEAS research in eating disorders is in contrast to the
complete lack (to our knowledge) of LEAS research in
autism, but the difference between results in our analysis
is problematic to the assumption that the LEAS and
TAS-20 capture to the same theoretical construct. Con-
sistent with the lack of association between them in our
data, one recent meta-analysis suggests relationships be-
tween scores in the two tests are negligible at best [111],
suggesting it may not afterall capture related concepts.
Whereas the full alexithymia construct is commonly
understood to encapsulate the aforementioned limited
imagination and externally orientated thinking style, the
LEAS has a narrower focus in “emotional awareness”
which should encapsulate DIF and DDF but not EOT or
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restricted imagination. Unlike the TAS-20, the LEAS dir-
ectly tests emotion differentiation, the ability to “verbally
characterize their emotional experiences with granularity
and detail” ([94], p. 10), and so is heavily dependent on
linguistic ability. The LEAS also loads on cognitive and
affective theory of mind [157], which Bird and colleagues
have argued are distinct from the TAS-20 [142, 144,
158]. As such, Lane et al. suggest that where the LEAS
taps “a person’s ability to make mental representations
of emotional states… an expression of ToM function”,
the TAS-20 taps “a person’s difficulties in identifying
and describing emotions to the extent that they are
aware of their own deficits” (p. 402: emphasis added by
the present authors), such that individuals with profound
alexithymia and a lack of awareness of their emotional
deficits would indeed fly under the TAS-20 radar.
Though Lane et al. differentiate between the ability to
describe an emotion and the ability to mentally repre-
sent an emotion, the former is associated with the TAS-
20 and the latter with the LEAS (and with theory of
mind); this view is not accepted by other theorists; in
their review, Kashdan and colleagues [95], for instance,
describe the LEAS as a test which measures “emotional
awareness, the complexity of propositional knowledge of
emotion”, and the TAS-20 as a test which captures
“alexithymia, an impoverished conceptual system for
emotion and emotion vocabulary” (p. 12: emphasis
added by present authors). Maroti and colleagues
conceptualize emotional awareness as a facet of alexithy-
mia [111]; in a recent review of the construct, Goerlich
[68], who does not even mention the LEAS, likewise de-
scribes alexithymia as a multifaceted construct. Present
understanding is that these measures capture distinct
but overlapping facets of “alexithymia” [111] and that
their negligible overlap may reflect different neural
mechanisms for the alexithymia facets, including emo-
tional awareness; may reflect that behavioural and self-
report measures frequently diverge; may reflect that
emotion differentiation is quite separate from emotion
perception; and/or may reflect poor self-awareness in
the TAS-20. Our data does not offer conclusive sugges-
tions to this long-standing debate, but it seems to sug-
gest, so far as the relationship between autistic traits and
eating psychopathology is concerned, that difficulty
identifying emotions plays a particular role distinct from
contributions of depression and anxiety.
Limitations and future directions
We strove for statistical rigor and replicability with the
testing of hypotheses across two experiments with separ-
ate participant groups. The standard alpha level (p < .05)
has recently come under scrutiny [159–162], so we were
reassured to see that central findings held when cor-
rected to a more conservative .017 or even .007.
Significant effect sizes supported these low p values,
affording further confidence in our results. Conse-
quently, we believe the data make important contribu-
tions to the literature around ED in autism and the role
of alexithymia, including highlighting important avenues
for future research—but there are several important ca-
veats to consider and a great need for these findings to
be reproduced in more controlled experimental settings.
Firstly, our cross-sectional design, though convenient
for testing these initial hypotheses, disallows more rigor-
ous scrutiny of causality and direction of these relation-
ships. We cannot dismiss the alternative interpretation,
for instance, that degree of alexithymia in our samples
inflated the appearance of autistic traits (as might be
supported by Hobson and colleagues [92]) and that aut-
istic traits themselves predispose for eating difficulties.
Neither can we dismiss the possible causal primacy of
eating disordered behaviours giving rise to alexithymia
(which, from then, might inflate autistic traits). With a
lack of longitudinal research and that involving recov-
ered individuals (alongside great variability around the
definition of “recovered” [163]), the state dependency of
alexithymia in ED is still highly uncertain. There is a
suggestion that alexithymia in ED patients is independ-
ent of malnutrition and thus impervious to improve-
ments in ED symptomatology (and alleviated depression)
[81], which informs our tentative interpretation of causal
primacy for alexithymia over ED symptomatology, but
more rigorously controlled, longitudinal research is cru-
cial to address these questions with greater certainty.
The same is true for depression and anxiety, potential
“mediator-outcome confounders” [134]. Whilst we could
to an extent disentangle their contribution to the AQ–
EAT-26 relationship from that of alexithymia, we could
not speak to the causal primacy of alexithymia over de-
pression and anxiety. Autistic traits are also highly asso-
ciated with anxiety and depression [164], and it has been
commonly assumed that as stable traits, autistic traits
confer vulnerability to anxiety and depression. However,
a directional influence of depression and anxiety on aut-
istic traits could not, likewise, be dismissed.
Our sample is also limited in generalizability, being
composed of British undergraduates (who would thus all
have reasonable educational attainment levels); we did
not collect ethnicity data, so the sample must be as-
sumed to be largely Caucasian. The average age was low
and the distribution of ages small. As aforementioned,
the small male sample limits the confidence with which
we can accept the null relationships seen in this group,
though bootstrapping alleviates this issue to an extent.
Furthermore, whilst investigation at trait or subclinical
level within the general population is useful for hypoth-
esis testing, the findings of the present study cannot be
presumed generalizable to clinical populations: in this
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case, individuals with diagnosed autism and eating disor-
ders. In populations with ED, previous research has
established that alexithymia (high TAS-20 scores) in-
creases the likelihood of an autism diagnosis [92]. There-
fore, it would be necessary to examine whether
heightened autistic traits, as commonly found with the
AQ [43], are maintained when alexithymia is controlled
for. Autistic traits are now commonly used as a proxy
for autism spectrum conditions, but some question the
suitability of this approach [72]. Whether alexithymia
genuinely heightens risk of eating psychopathology lon-
gitudinally in females or males with autism; whether in
the population of autistic people with ED, people with
autism, and alexithymia are over-represented; and
whether heightened levels of alexithymia are associated
with greater severity of eating psychopathology in this
group are important research questions.
Whilst online data collection affords many benefits,
chiefly the possibility of accruing large datasets at
minimal cost, future research might benefit from
greater experimental control and operationalization of
these variables beyond self-report questionnaires. Lim-
itations of our measures must be recognized beyond
those previously discussed around the TAS-20. In at-
tempts to maintain our focus on alexithymia in its
different facets, we chose not to deconstruct the AQ,
though its factors seem differentially associated with
the factors of the EAT-26 [34]. Concerning eating
psychopathology, the measure employed in correlation
analysis with autistic traits may also modulate the
likelihood that significant relationships will be found.
The EAT-26 is most popularly used in studies which
purport a link between autistic traits and anorexia or
ED [34], whereas the few studies using the EDE-Q,
albeit in anorexic populations, did not find a relation-
ship ([39, 45]; though see 144 for relationships be-
tween the AQ-short and the subscales of the EDE-Q).
However, concerns have been raised that the EAT-26
may be prone to false positives in non-clinical sam-
ples such as ours: it was originally developed on a
clinical sample, at a time prior to the inclusion of ED
in the DSM, and is based on an outdated
conceptualization that conflated AN and BN [165].
High scores in the EAT-26 could reflect any of a di-
verse group of “subclinical anorexics, partial syndrome
anorexics, suspected anorexics, suspected bulimics,
purgers, weight preoccupied and normal dieters”
(Mintz and O’Halloran [163], p. 491). As such, al-
though interest in the autism-ED relationship origi-
nated in behavioural similarities between autism and
AN, with the EAT-26, we cannot claim to examine
anything more specific than general eating psycho-
pathology. Previous research has aimed for greater
clarity by examining relationships between autistic
traits and subscales of the EAT-26 [36], but this ap-
proach is contraindicated by one recent psychometric
and factor analysis [104], which corroborates previous
findings of unstable factorial structure, “weaving” of
items between subscales, and sensitivity to variables
as diverse as social pressure and awareness of nutri-
tional content as conceptualized in orthorexia
nervosa.
This emphasizes the need, if we wish to get closer to
the specific type of eating psychopathology related to
alexithymia and to autistic traits, to examine formally
assessed clinical samples, diagnosed with rigorous adher-
ence to DSM-5 [12] criteria for ED. It should perhaps be
recognized, though, that many within the ED field take
the view that “diagnoses are snapshots in the course of
an eating disorder” (Fairburn and Cooper [166], p.9):
that in the course of a lifetime, many patients move be-
tween presentations and may at times show mixed
symptoms that defy categorization, especially if other
psychiatric comorbidities are involved [167, 168]. The
longitudinal course of ED in autistic individuals and
those with high autistic traits is unknown but a crucial
target for investigation. So too are additional variables
that might be especially relevant to the autistic commu-
nity, such as gender, given the prevalence of gender dys-
phoria in autistic people [169] and the heightened risk
this seems to confer for eating psychopathology [170]. If
overlaps might be seen between the two populations,
pathogenic factors relevant for people with gender dys-
phoria [171] may be relevant for autistic people, too.
As a final note, it is critical to investigate the implica-
tions of experiencing alexithymia alongside an eating
disorder for autistic individuals. Whilst alexithymia is as-
sociated with poorer prognosis in ED [81, 87] and has
been linked by sufferers to their use of eating disordered
behaviours [146], the question is open as to the effects
of comorbid alexithymia on prognosis for autistic indi-
viduals with ED. In a similar vein, though alexithymia is
associated with depression and suicidality in people with
ED [172–174] as well as in psychiatric populations in
general [82, 83], the contribution of alexithymia to the
heightened suicide rates seen in autism [175] is un-
known, as are the effects of autistic traits or autism with
or without alexithymia on the suicide rates in ED. The
next step, of course, is to ascertain what therapeutic
modifications would be most appropriate to individuals
experiencing both autism and alexithymia alongside an
ED. Recent work has suggested that, given the under-
standing that alexithymia encapsulates emotional and
more physiological interoceptive difficulties, interven-
tions which increase awareness of physiological arousal
associated with emotional experiences may be helpful
[176], as might therapeutic work supporting cognitive
reappraisal [86].
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Conclusions
The present research highlights a yet unconsidered fac-
tor in the well-reported link between autism and eating
psychopathology: alexithymia, a variable which may be
of considerable import in the heightened risk, treatment,
and prognosis of individuals experiencing an ED along-
side autism, but which requires further theoretical clari-
fication for fuller comprehension and utility. Our
findings showed that alexithymia, most particularly diffi-
culties identifying emotions, may partially explain the
prevalence of eating disorder symptomatology in females
with high autistic traits. To see whether this finding also
explains the prevalence of ED in autistic people requires
replication and controlled experimental scrutiny in clin-
ical as well as non-clinical samples. Our findings also
emphasize the need to consider sex as a variable which
may modulate the risk factors that lead to ED in autistic
and non-autistic men and women.
Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s13229-020-00364-z.
Additional file 1:. Supplementary item 1: alpha coefficients for
measures from Experiments 1 and 2. Supplementary item 2: LEAS scoring.
Supplementary item 3: Descriptive statistics and mediation statistical
notations from the additional analysis controlling for anxiety and
depression (Experiment 2).
Abbreviations
ADOS-2: Autism Diagnostic Interview Revised (version 2); AN: Anorexia
nervosa; AQ: Autism-Spectrum Quotient; ARFID: Avoidance/restrictive food
intake disorder; ASC: Autism spectrum conditions; BMI: Body mass index;
BN: Bulimia nervosa; DIF: Difficulty Identifying Feelings, a subscale of the TAS-
20; DDF: Difficulty Describing Feelings, a subscale of the TAS-20;
DSM: Diagnostic and Statistical Manual for Mental Disorders; EAT-26: Eating
Attitudes Test (26 item version); ED: Eating disorders; EOT: Externally Oriented
Thinking, a subscale of the TAS-20; LEAS: Levels of Emotional Awareness
Scale; TAS-20: Toronto Alexithymia Scale (20 item version)
Acknowledgements
The authors would like to thank each and every participant who kindly gave
their time in this study. Our immense gratitude also goes to our colleagues
who supported our data collection. We would also like to thank the students
who completed their dissertation projects collecting data which was used in
this study, including Holly Harknett, Louise Canter, Kathryn Clark, Kayleigh
Fuller, Chloe Lewis, and Gemma Cypher.
Authors’ contributions
The study was planned by LV and RM. Data collection was performed by all
authors. RM supervised ZC and AT, both MSc students at the time of the
study, who analysed and coded the LEAS data. The data was analysed and
the manuscript written by LV and RM. All authors edited and approved the
final manuscript.
Funding
LV and RLM are salaried staff of Bournemouth University and did not receive
external funding for this project. The views expressed are those of the
author(s) and not necessarily those of their affiliations.
Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.
Ethics approval and consent to participate
Ethical approval of the study was granted by Bournemouth University Ethics
Committee. All participants provided fully informed consent to take part in
the study.
Consent for publication
Consent to publish anonymized data was granted by participants when
consenting to take part in the study.
Competing interests
The authors declare that they have no competing interests.
Received: 8 August 2019 Accepted: 15 July 2020
References
1. Fichter MM, Quadflieg N. Mortality in eating disorders - results of a large
prospective clinical longitudinal study. Int J Eat Disord. 2016;49:391–401.
2. Cashin A, Buckley T, Trollor JN, Lennox N. A scoping review of what is
known of the physical health of adults with autism spectrum disorder. J
Intellect Disabil. 2018;22:96–108.
3. Hirvikoski T, Mittendorfer-Rutz E, Boman M, Larsson H, Lichtenstein P, Bölte
S. Premature mortality in autism spectrum disorder. Br. J. Psychiatry
[Internet]. 2016;208:232–8. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/26541693.
4. Meczekalski B, Podfigurna-Stopa A, Katulski K. Long-term consequences of
anorexia nervosa. Maturitas. 2013;75:215–20.
5. Westwood H, Mandy W, Simic M, Tchanturia K. Assessing ASD in adolescent
females with anorexia nervosa using clinical and developmental measures:
a preliminary investigation. J Abnorm Child Psychol. 2018;46:183–92.
6. Westwood H, Mandy W, Tchanturia K. Clinical evaluation of autistic
symptoms in women with anorexia nervosa. Mol Autism. 2017;8:12.
7. Tchanturia K, Adamson J, Leppanen J, Westwood H. Characteristics of
autism spectrum disorder in anorexia nervosa: a naturalistic study in an
inpatient treatment programme. Autism. 2019;23:123–30.
8. Stewart CS, McEwen FS, Konstantellou A, Eisler I, Simic M. Impact of ASD
traits on treatment outcomes of eating disorders in girls. Eur Eat Disord Rev.
2017;25:123–8.
9. Tchanturia K, Larsson E, Adamson J. How anorexia nervosa patients with
high and low autistic traits respond to group Cognitive Remediation
Therapy. BMC Psychiatry. 2016;16:334.
10. Nazar B, Peynenburg V, Rhind C, Hibbs R, Schmidt U, Gowers S, et al. An
examination of the clinical outcomes of adolescents and young adults with
broad autism spectrum traits and autism spectrum disorder and anorexia
nervosa: a multi centre study. Int J Eat Disord. 2018;51:174–9.
11. Nielsen S, Anckarsäter H, Gillberg C, Gillberg C, Råstam M, Wentz E. Effects
of autism spectrum disorders on outcome in teenage-onset anorexia
nervosa evaluated by the Morgan-Russell outcome assessment schedule: a
controlled community-based study. Mol Autism. 2015;6:14.
12. American Psychiatric Association. Diagnostic and statistical manual of





13. de la Torre-Ubieta L, Won H, Stein JL, Geschwind DH. Advancing the
understanding of autism disease mechanisms through genetics. Nat. Med.
[Internet]. 2016;22:345–61. Available from: http://www.nature.com/
doifinder/10.1038/nm.4071%5Cn, http://www.ncbi.nlm.nih.gov/pubmed/2
7050589%5Cn, http://www.nature.com/doifinder/10.1038/nm.4071.
14. Chesney E, Goodwin GM, Fazel S. Risks of all-cause and suicide mortality in
mental disorders: a meta-review. World Psychiatry. 2014;13:153–60.
15. Lindvall Dahlgren C, Wisting L, Rø Ø. Feeding and eating disorders in the
DSM-5 era: a systematic review of prevalence rates in non-clinical male and
female samples. J Eat Disord. 2017;5:56.
16. Loomes R, Hull L, Mandy WPL. What is the male-to-female ratio in autism
spectrum disorder? A systematic review and meta-Analysis. J. Am. Acad.
Child Adolesc. Psychiatry [Internet]. 2017;56:466–74. Available from: http://
www.ncbi.nlm.nih.gov/pubmed/28545751%0A, http://linkinghub.elsevier.
com/retrieve/pii/S0890856717301521.
Vuillier et al. Molecular Autism           (2020) 11:63 Page 15 of 19
17. Gillberg C. Are autism and anorexia nervosa related? Br J Psychiatry 1983;
142:428–428.
18. Odent M. Autism and anorexia nervosa: two facets of the same disease?
Med Hypotheses. 2010;75:79–81.
19. Oldershaw A, Treasure J, Hambrook D, Tchanturia K, Schmidt U. Is anorexia
nervosa a version of autism spectrum disorders? Eur Eat Disord Rev. 2011;
19:462–74.
20. Dell’Osso L, Abelli M, Carpita B, Pini S, Castellini G, Carmassi C, et al.
Historical evolution of the concept of anorexia nervosa and relationships
with orthorexia nervosa, autism, and obsessive-compulsive spectrum.
Neuropsychiatr Dis Treat. 2016;12:1651–60.
21. Zhou ZC, McAdam DB, Donnelly DR. Endophenotypes: a conceptual link
between anorexia nervosa and autism spectrum disorder. Res Dev Disabil.
2018;82:153–65.
22. Davies H, Wolz I, Leppanen J, Fernandez-Aranda F, Schmidt U,
Tchanturia K. Facial expression to emotional stimuli in non-psychotic
disorders: a systematic review and meta-analysis. Neurosci Biobehav
Rev. 2016;64:252–71.
23. Zucker NL, Losh M, Bulik CM, LaBar KS, Piven J, Pelphrey KA. Anorexia
nervosa and autism spectrum disorders: guided investigation of social
cognitive endophenotypes. Psychol Bull. 2007;133:976–1006.
24. Bora E, Köse S. Meta-analysis of theory of mind in anorexia nervosa and
bulimia nervosa: a specific impairment of cognitive perspective taking in
anorexia nervosa? Int J Eat Disord. 2016;49:739–40.
25. Leppanen J, Sedgewick F, Treasure J, Tchanturia K. Differences in the Theory
of Mind profiles of patients with anorexia nervosa and individuals on the
autism spectrum: a meta-analytic review. Neurosci Biobehav Rev. 2018;90:
146–63.
26. Treasure J, Schmidt U. The cognitive-interpersonal maintenance model of
anorexia nervosa revisited: a summary of the evidence for cognitive, socio-
emotional and interpersonal predisposing and perpetuating factors. J Eat
Disord. 2013;1:13.
27. Vissoker RE, Latzer Y, Gal E. Eating and feeding problems and
gastrointestinal dysfunction in Autism Spectrum Disorders. Res Autism
Spectr Disord. 2015;12:10–21.
28. Karjalainen L, Råstam M, Paulson-Karlsson G, Wentz E. Do autism spectrum
disorder and anorexia nervosa have some eating disturbances in common?
Eur Child Adolesc Psychiatry. 2019;28:69–78.
29. Spek A, van Rijnsoever W, van Laarhoven L, Kiep M. Eating problems in
men and women with an autism spectrum disorder. J Autism Dev
Disord. 2019:1–9.
30. DuBois D, Ameis SH, Lai MC, Casanova MF, Desarkar P. Interoception in
autism spectrum disorder: a review. Int J Dev Neurosci. 2016;52:104–11.
31. Asada K, Tojo Y, Hakarino K, Saito A, Hasegawa T, Kumagaya S. Brief report:
body image in autism: evidence from body size estimation. J Autism Dev
Disord. 2018;48:611–8.
32. Carton AM, Smith AD. Assessing the relationship between eating disorder
psychopathology and autistic traits in a non-clinical adult population. Eat
Weight Disord. 2014;19:285–93.
33. Coombs E, Brosnan M, Bryant-Waugh R, Skevington SM. An
investigation into the relationship between eating disorder
psychopathology and autistic symptomatology in a non-clinical sample.
Br J Clin Psychol. 2011;50:326–38.
34. Christensen SS, Bentz M, Clemmensen L, Strandberg-Larsen K, Olsen EM.
Disordered eating behaviours and autistic traits—are there any
associations in nonclinical populations? A systematic review. Eur Eat
Disord Rev. 2019;27:8–23.
35. Raynal P, Melioli T, Chabrol H. Personality profiles in young adults with
disordered eating behavior. Eat Behav. 2016;22:119–23.
36. Mansour S, Rozenblat V, Fuller-Tyszkiewicz M, Paganini C, Treasure J, Krug I.
Emotions mediate the relationship between autistic traits and disordered
eating: a new autistic-emotional model for eating pathology. Psychiatry Res.
2016;245:119–26.
37. Baron-Cohen S, Wheelwright S, Skinner R, Martin J, Clubley E. The autism-
spectrum quotient (AQ): evidence from Asperger syndrome/high-
functioning autism, males and females, scientists and mathematicians. J
Autism Dev Disord. 2001;31:5–17.
38. Vagni D, Moscone D, Travaglione S, Cotugno A. Using the Ritvo Autism
Asperger Diagnostic Scale-Revised (RAADS-R) disentangle the heterogeneity
of autistic traits in an Italian eating disorder population. Res Autism Spectr
Disord. 2016;32:143–55.
39. Tchanturia K, Smith E, Weineck F, Fidanboylu E, Kern N, Treasure J, et al.
Exploring autistic traits in anorexia: a clinical study. Mol Autism. 2013;4:44.
40. Gesi C, Carmassi C, Luciano M, Bossini L, Ricca V, Fagiolini A, et al. Autistic
traits in patients with anorexia nervosa, bulimia nervosa or binge eating
disorder: a pilot study. Eur Psychiatry. 2017;41:S100.
41. Hambrook D, Tchanturia K, Schmidt U, Russell T, Treasure J. Empathy,
systemizing, and autistic traits in anorexia nervosa: a pilot study. Br J Clin
Psychol. 2008;47:335–9.
42. Courty A, Maria AS, Lalanne C, Ringuenet D, Vindreau C, Chevallier C, et al.
Levels of autistic traits in anorexia nervosa: a comparative psychometric
study. BMC Psychiatry. 2013;13:222.
43. Westwood H, Eisler I, Mandy W, Leppanen J, Treasure J, Tchanturia K. Using
the autism-spectrum quotient to measure autistic traits in anorexia nervosa:
a systematic review and meta-analysis. J Autism Dev Disord. 2016;46:964–77.
44. Huke V, Turk J, Saeidi S, Kent A, Morgan JF. The clinical implications of high
levels of autism spectrum disorder features in anorexia nervosa: a pilot
study. Eur Eat Disord Rev. 2014;22:116–21.
45. Baron-Cohen S, Jaffa T, Davies S, Auyeung B, Allison C, Wheelwright S. Do
girls with anorexia nervosa have elevated autistic traits? Mol Autism. 2013;4:
24–32.
46. Dell’Osso L, Carpita B, Gesi C, Cremone IM, Corsi M, Massimetti E, et al.
Subthreshold autism spectrum disorder in patients with eating disorders.
Compr Psychiatry. 2018;81:66–72.
47. Postorino V, Scahill L, De Peppo L, Fatta LM, Zanna V, Castiglioni MC, et al.
Investigation of autism spectrum disorder and autistic traits in an
adolescent sample with anorexia nervosa. J Autism Dev Disord. 2017;47:
1051–61.
48. Mandy W, Tchanturia K. Do women with eating disorders who have social
and flexibility difficulties really have autism? A case series. Mol Autism. 2015;
6:6.
49. Bentz M, Jepsen JRM, Pedersen T, Bulik CM, Pedersen L, Pagsberg AK, et al.
Impairment of social function in young females with recent-onset anorexia
nervosa and recovered individuals. J Adolesc Health. 2017;60:23–32.
50. Levin RL, Rawana JS. Attention-deficit/hyperactivity disorder and eating
disorders across the lifespan: a systematic review of the literature. Clin
Psychol Rev. 2016;50:22–36.
51. Rommelse NNJ, Franke B, Geurts HM, Hartman CA, Buitelaar JK. Shared
heritability of attention-deficit/hyperactivity disorder and autism spectrum
disorder. Eur Child Adolesc Psychiatry. 2010;19:281–95.
52. Pooni J, Ninteman A, Bryant-Waugh R, Nicholls D, Mandy W. Investigating
autism spectrum disorder and autistic traits in early onset eating disorder.
Int J Eat Disord. 2012;45:583–91.
53. Rhind C, Bonfioli E, Hibbs R, Goddard E, Macdonald P, Gowers S, et al. An
examination of autism spectrum traits in adolescents with anorexia nervosa
and their parents. Mol Autism. 2014;5:56.
54. Lang K, Lloyd S, Khondoker M, Simic M, Treasure J, Tchanturia K. Do
children and adolescents with anorexia nervosa display an inefficient
cognitive processing style? PLoS One. 2015;10:e0131724.
55. Westwood H, Tchanturia K. Autism spectrum disorder in anorexia nervosa:
an updated literature review. Curr Psychiatry Rep. 2017;19:41.
56. Solmi F, Bentivegna F, Bould H, Mandy W, Kothari R, Rai D, et al. Trajectories
of autistic social traits in childhood and adolescence and disordered eating
behaviours at age 14 years: a UK general population cohort study. J Child
Psychol Psychiatry Allied Discip. 2020.
57. Oldershaw A, Hambrook D, Tchanturia K, Treasure J, Schmidt U. Emotional
theory of mind and emotional awareness in recovered anorexia nervosa
patients. Psychosom Med. 2010;72:73–9.
58. Harrison A, Tchanturia K, Treasure J. Attentional bias, emotion recognition,
and emotion regulation in anorexia: state or trait? Biol Psychiatry. 2010;68:
755–61.
59. Harrison A, Watterson SV, Bennett SD. An experimental investigation
into the use of eye-contact in social interactions in women in the
acute and recovered stages of anorexia nervosa. Int J Eat Disord. 2019;
52:61–70.
60. Lopez C, Tchanturia K, Stahl D, Treasure J. Weak central coherence in eating
disorders: a step towards looking for an endophenotype of eating disorders.
J Clin Exp Neuropsychol. 2009;31:117–25.
61. Lindner SE, Fichter MM, Quadflieg N. Central coherence in full recovery of
anorexia nervosa. Eur Eat Disord Rev. 2013;21:115–20.
62. Danner UN, Sanders N, Smeets PAM, Van Meer F, Adan RAH, Hoek HW,
et al. Neuropsychological weaknesses in anorexia nervosa: set-shifting,
Vuillier et al. Molecular Autism           (2020) 11:63 Page 16 of 19
central coherence, and decision making in currently ill and recovered
women. Int J Eat Disord. 2012;45:685–94.
63. Bentz M, Jepsen JRM, Kjaersdam Telléus G, Moslet U, Pedersen T, Bulik CM,
et al. Neurocognitive functions and social functioning in young females
with recent-onset anorexia nervosa and recovered individuals. J Eat Disord.
2017;5:5–15.
64. Dapelo MM, Hart S, Hale C, Morris R, Tchanturia K. Expression of positive
emotions differs in illness and recovery in anorexia nervosa. Psychiatry Res.
2016;246:48–51.
65. Davies H, Schmidt U, Tchanturia K. Emotional facial expression in women
recovered from anorexia nervosa. BMC Psychiatry. 2013;13:291.
66. Morris R, Bramham J, Smith E, Tchanturia K. Empathy and social functioning
in anorexia nervosa before and after recovery. Cogn Neuropsychiatry. 2014;
19:47–57.
67. Leppanen J, Dapelo MM, Davies H, Lang K, Treasure J, Tchanturia K.
Computerised analysis of facial emotion expression in eating disorders.
PLoS One. 2017;12:e0178972.
68. Goerlich KS. The multifaceted nature of alexithymia - a neuroscientific
perspective. Front Psychol. 2018;9:1–7.
69. Bird G, Viding E. The self to other model of empathy: providing a new
framework for understanding empathy impairments in psychopathy, autism,
and alexithymia. Neurosci Biobehav Rev. 2014;47:520–32.
70. Brewer R, Cook R, Cardi V, Treasure J, Bird G. Emotion recognition deficits in
eating disorders are explained by co-occurring alexithymia. R Soc Open Sci.
2015;2:140382.
71. Pandey R, Saxena P, Dubey A. Emotion regulation difficulties in alexithymia
and mental health. Eur J Psychol. 2011;7:604–23.
72. Shah P, Livingston LA, Callan MJ, Player L. Trait autism is a better
predictor of empathy than alexithymia. J Autism Dev Disord. 2019;49:
3956–64.
73. Murphy J, Catmur C, Bird G. Alexithymia is associated with a multidomain,
multidimensional failure of interoception: evidence from novel tests. J Exp
Psychol Gen. 2018;147:398–408.
74. Preece D, Becerra R, Allan A, Robinson K, Dandy J. Establishing the
theoretical components of alexithymia via factor analysis: introduction and
validation of the attention-appraisal model of alexithymia. Pers Individ
Differ. 2017;119:341–52.
75. Karukivi M, Vahlberg T, Pölönen T, Filppu T, Saarijärvi S. Does alexithymia
expose to mental disorder symptoms in late adolescence? A 4-year follow-
up study. Gen Hosp Psychiatry. 2014;36:748–52.
76. Kajanoja J, Scheinin NM, Karlsson L, Karlsson H, Karukivi M. Illuminating the
clinical significance of alexithymia subtypes: a cluster analysis of alexithymic
traits and psychiatric symptoms. J Psychosom Res. 2017;97:111–7.
77. Haas LM, McArthur BA, Burke TA, Olino TM, Abramson LY, Alloy LB.
Emotional clarity development and psychosocial outcomes during
adolescence. Emotion. 2018;19:563–72.
78. Norman H, Borrill J. The relationship between self-harm and alexithymia.
Scand J Psychol. 2015;56:405–19.
79. Cruise KE, Becerra R. Alexithymia and problematic alcohol use: a critical
update. Addict Behav. 2018;77:232–46.
80. Ogrodniczuk JS, Piper WE, Joyce AS. Effect of alexithymia on the process
and outcome of psychotherapy: a programmatic review. Psychiatry Res.
2011;190:43–8.
81. Pinna F, Sanna L, Carpiniello B. Alexithymia in eating disorders: therapeutic
implications. Psychol Res Behav Manag. 2014;8:1–15.
82. De Berardis D, Fornaro M, Orsolini L, Valchera A, Carano A, Vellante F, et al.
Alexithymia and suicide risk in psychiatric disorders: a mini-review. Front
Psychiatry. 2017;8:148.
83. Hemming L, Haddock G, Shaw J, Pratt D. Alexithymia and its associations
with depression, suicidality, and aggression: an overview of the literature.
Front Psychiatry. 2019;10:203.
84. Griffin C, Lombardo MV, Auyeung B. Alexithymia in children with and
without autism spectrum disorders. Autism Res. 2016;9:773–80.
85. Kinnaird E, Stewart C, Tchanturia K. Investigating alexithymia in
autism: a systematic review and meta-analysis. Eur Psychiatry. 2019;55:
80–9.
86. Poquérusse J, Pastore L, Dellantonio S, Esposito G. Alexithymia and autism
spectrum disorder: a complex relationship. Front Psychol. 2018;9:1196.
87. Westwood H, Kerr-Gaffney J, Stahl D, Tchanturia K. Alexithymia in eating
disorders: systematic review and meta-analyses of studies using the Toronto
Alexithymia Scale. J Psychosom Res. 2017;99:66–81.
88. Bourke MP, Taylor GJ, Parker JDA, Bagby RM. Alexithymia in women
with anorexia nervosa. A preliminary investigation. Br J Psychiatry. 1992;
161:240–3.
89. Shah P, Hall R, Catmur C, Bird G. Alexithymia, not autism, is associated with
impaired interoception. Cortex. 2016;81:215–20.
90. Oakley BFM, Brewer R, Bird G, Catmur C. Theory of mind is not theory of
emotion: a cautionary note on the reading the mind in the eyes test. J
Abnorm Psychol. 2016;125:818.
91. Courty A, Godart N, Lalanne C, Berthoz S. Alexithymia, a compounding
factor for eating and social avoidance symptoms in anorexia nervosa.
Compr Psychiatry. 2015;56:217–28.
92. Hobson H, Westwood H, Conway J, McEwen F, Colvert E, Catmur C, et al.
The impact of alexithymia on autism diagnostic assessments [Internet].
PsyArXiv. 2018 [cited 2019 May 20]. Available from: https://psyarxiv.com/
8na9q.
93. Calderoni S, Fantozzi P, Balboni G, Pagni V, Franzoni E, Apicella F, et al. The
impact of internalizing symptoms on autistic traits in adolescents with
restrictive anorexia nervosa. Neuropsychiatr Dis Treat. 2015;11:75–85.
94. Gross JJ, Feldman BL. Emotion generation and emotion regulation: one or
two depends on your point of view. Emot Rev. 2011;3:8–16.
95. Kashdan TB, Barrett LF, McKnight PE. Unpacking emotion differentiation:
transforming unpleasant experience by perceiving distinctions in negativity.
Curr Dir Psychol Sci. 2015;24:10–6.
96. Ruzich E, Allison C, Smith P, Watson P, Auyeung B, Ring H, et al. Measuring
autistic traits in the general population: a systematic review of the Autism-
Spectrum Quotient (AQ) in a nonclinical population sample of 6,900 typical
adult males and females. Mol Autism. 2015;6:1–12.
97. Ruzich E, Allison C, Smith P, Watson P, Auyeung B, Ring H, et al.
Subgrouping siblings of people with autism: identifying the broader autism
phenotype. Autism Res. 2016;9:658–65.
98. Stevenson JL, Hart KR. Psychometric properties of the autism-spectrum
quotient for assessing low and high levels of autistic traits in college
students. J Autism Dev Disord. 2017;47:1838–53.
99. Bagby M, Parker JDA, Taylor GJ. The twenty-item Toronto Alexithymia
Scale—I. Item selection and cross-validation of the factor structure. J
Psychosom Res. 1994;38:23–32.
100. Taylor GJ, Bagby RM, Parker JDA. The 20-Item Toronto Alexithymia Scale: IV.
Reliability and factorial validity in different languages and cultures. J
Psychosom Res. 2003:277–83.
101. Preece D, Becerra R, Robinson K, Dandy J. Assessing alexithymia:
psychometric properties and factorial invariance of the 20-item Toronto
alexithymia scale in nonclinical and psychiatric samples. J Psychopathol
Behav Assess. 2018;40:276–87.
102. Garner DM, Bohr Y, Garfinkel PE. The Eating Attitudes Test: psychometric
features and clinical correlates. Psychol Med. 1982;12:871–8.
103. Anderson DA, Lundgren JD, Shapiro JR, Paulosky CA. Assessment of eating
disorders: review and recommendations for clinical use. Behav Modif. 2004;
28:763–82.
104. Rogoza R, Brytek-Matera A, Garner D. Analysis of the EAT-26 in a non-clinical
sample. Arch Psychiatry Psychother. 2016;2:54–8.
105. Garfinkel PE, Newman A. The eating attitudes test: Twenty-five years later.
Eat. Weight Disord. - Stud. Anorexia, Bulim. Obes. 2001;6:1–21.
106. Gleaves DH, Pearson CA, Ambwani S, Morey LC. Measuring eating disorder
attitudes and behaviors: a reliability generalization study. J Eat Disord. 2014;2:6.
107. Hayes AF. An introduction to mediation, moderation, and conditional
process analysis: a regression-based approach (second edition). New York,
NY: Guilford Press; 2017.
108. Raevuori A, Keski-Rahkonen A, Hoek HW. A review of eating disorders in
males. Curr Opin Psychiatry. 2014;27:426–30.
109. Lane RD, Sechrest L, Riedel R. Sociodemographic correlates of alexithymia.
Compr Psychiatry. 1998;39:377–85.
110. Lundh LG, Johnsson A, Sundqvist K, Olsson H. Alexithymia, memory of
emotion, emotional awareness, and perfectionism. Emotion. 2002;2:361.
111. Maroti D, Lilliengren P, Bileviciute-Ljungar I. The relationship between
alexithymia and emotional awareness: a meta-analytic review of the
correlation between TAS-20 and LEAS. Front Psychol. 2018;9:453.
112. Mattila AK, Kronholm E, Jula A, Salminen JK, Koivisto AM, Mielonen RL, et al.
Alexithymia and somatization in general population. Psychosom Med. 2008;
70:716–22.
113. Leising D, Grande T, Faber R. The Toronto Alexithymia Scale (TAS-20): a
measure of general psychological distress. J Res Pers. 2009;43:707–10.
Vuillier et al. Molecular Autism           (2020) 11:63 Page 17 of 19
114. Marchesi C, Ossola P, Tonna M, De Panfilis C. The TAS-20 more likely
measures negative affects rather than alexithymia itself in patients with
major depression, panic disorder, eating disorders and substance use
disorders. Compr Psychiatry. 2014;55:972–8.
115. Preece DA, Becerra R, Boyes ME, Northcott C, McGillivray L, Hasking PA. Do
self-report measures of alexithymia measure alexithymia or general
psychological distress? A factor analytic examination across five samples.
Pers Individ Differ. 2020;155:109721.
116. Parling T, Mortazavi M, Ghaderi A. Alexithymia and emotional awareness in
anorexia nervosa: time for a shift in the measurement of the concept? Eat
Behav. 2010;11:205–10.
117. Rommel D, Nandrino JL, Antoine P, Dodin V. Emotional differentiation and
parental bonding in inpatients suffering from eating disorders. Br J Clin
Psychol. 2013;52:215–29.
118. Lane RD, Quinlan DM, Schwartz GE, Walker PA, Zeitlin SB. The Levels of
Emotional Awareness Scale: a cognitive-developmental measure of
emotion. J Pers Assess. 1990;55:124–34.
119. Bydlowski S, Corcos M, Jeammet P, Paterniti S, Berthoz S, Laurier C, et al.
Emotion-processing deficits in eating disorders. Int J Eat Disord. 2005;37:
321–9.
120. Bernatova T, Svetlak M. Emotional and interoceptive awareness and its
relationship to restriction in young women with eating disorders and
healthy controls: a cascade from emotional to behavioral dysregulation. Act
Nerv Super (Praha). 2017;59:78–86.
121. Baeza-Velasco C, Carton S, Almohsen C, Blotman F, Gély-Nargeot MC.
Alexithymia and emotional awareness in females with Painful Rheumatic
Conditions. J Psychosom Res. 2012;73:398–400.
122. Torrado MV, Ouakinin SS, Bacelar-Nicolau L. Alexithymia, emotional
awareness and perceived dysfunctional parental behaviors in heroin
dependents. Int J Ment Heal Addict. 2013;11:703–18.
123. Bagby M, Parker J, Taylor G. Twenty-five years with the 20-item Toronto
Alexithymia Scale. J Psychosom Res. 2020;131:109940.
124. Carton S, Bayard S, Paget V, Jouanne C, Varescon I, Edel Y, et al. Emotional
awareness in substance-dependent patients. J Clin Psychol. 2010;66:599–610.
125. Donges US, Kersting A, Dannlowski U, Lalee-Mentzel J, Arolt V, Suslow T.
Reduced awareness of others’ emotions in unipolar depressed patients. J
Nerv Ment Dis. 2005;193:331–7.
126. Frewen P, Lane RD, Neufeld RWJ, Densmore M, Stevens T, Lanius R. Neural
correlates of levels of emotional awareness during trauma script-imagery in
posttraumatic stress disorder. Psychosom Med. 2008;70:27–31.
127. Subic-Wrana C, Beutel ME, Knebel A, Lane RD. Theory of mind and
emotional awareness deficits in patients with somatoform disorders.
Psychosom Med. 2010;72:404–11.
128. Kroenke K, Spitzer RL. The PHQ-9: a new depression diagnostic and severity
measure. Psychiatr. Ann. [Internet]. 2002;32:509–15. Available from: http://
www.healio.com/doiresolver?doi=10.3928/0048-5713-20020901-06.
129. Martin A, Rief W, Klaiberg A, Braehler E. Validity of the brief Patient Health
Questionnaire Mood Scale (PHQ-9) in the general population. Gen Hosp
Psychiatry. 2006;28:71–7.
130. Tomitaka S, Kawasaki Y, Ide K, Akutagawa M, Ono Y, Furukawa TA. Stability
of the distribution of Patient Health Questionnaire-9 scores against age in
the general population: data from the National Health and Nutrition
Examination Survey. Front Psychiatry. 2018;9:390.
131. Beck AT, Steer RA. Manual for the Beck Anxiety Inventory. San Antonio, TX:
Psychological Corporation; 1990.
132. Osman A, Kopper BA, Barrios FX, Osman JR, Wade T. The Beck Anxiety
Inventory: reexamination of factor structure and psychometric properties. J
Clin Psychol. 1997;53:7–14.
133. Gillis MM, Haaga DAF, Ford GT. Normative values for the Beck Anxiety
Inventory, Fear Questionnaire, Penn State Worry Questionnaire, and Social
Phobia and Anxiety Inventory. Psychol Assess. 1995;7:450–5.
134. Richiardi L, Bellocco R, Zugna D. Mediation analysis in epidemiology:
methods, interpretation and bias. Int J Epidemiol. 2013;42:1511–9.
135. Lord C, Rutter M, DiLavorne P, Risi S, Gotham K, Bishop S. Autism Diagnostic
Observation Schedule, Second Edition (ADOS-2) Manual (Part I): modules 1-
4. Torrance, CA: Western Psychological Services; 2012.
136. Criado KK, Sharp WG, McCracken CE, De Vinck-Baroody O, Dong L, Aman
MG, et al. Overweight and obese status in children with autism spectrum
disorder and disruptive behavior. Autism. 2018;22:450–9.
137. Storch EA, Larson MJ, Ehrenreich-May J, Arnold EB, Jones AM, Renno P, et al.
Peer victimization in youth with autism spectrum disorders and co-
occurring anxiety: relations with psychopathology and loneliness. J Dev
Phys Disabil. 2012;24:575–90.
138. Nowakowski ME, McFarlane T, Cassin S. Alexithymia and eating disorders: a
critical review of the literature. J Eat Disord. 2013;1:21.
139. Lavender JM, Wonderlich SA, Engel SG, Gordon KH, Kaye WH, Mitchell JE.
Dimensions of emotion dysregulation in anorexia nervosa and bulimia
nervosa: a conceptual review of the empirical literature. Clin Psychol Rev.
2015;40:111–22.
140. Oldershaw A, Lavender T, Sallis H, Stahl D, Schmidt U. Emotion generation
and regulation in anorexia nervosa: a systematic review and meta-analysis
of self-report data. Clin Psychol Rev. 2015;39:83–95.
141. Carter JC, Kelly AC, Norwood SJ. Interpersonal problems in anorexia nervosa: social
inhibition as defining and detrimental. Pers Individ Differ. 2012;53:169–74.
142. Bird G, Cook R. Mixed emotions: the contribution of alexithymia to the
emotional symptoms of autism. Transl. Psychiatry [Internet]. 2013;3:e285.
Available from: http://www.nature.com/tp/journal/v3/n7/full/tp201361a.
html.
143. Aaron RV, Benson TL, Park S. Investigating the role of alexithymia on the
empathic deficits found in schizotypy and autism spectrum traits. Pers.
Individ. Dif. 2015;77:215–20.
144. Cook R, Brewer R, Shah P, Bird G. Alexithymia, not autism, predicts poor
recognition of emotional facial expressions. Psychol Sci. 2013;24:723–32.
145. Milosavljevic B, Carter Leno V, Simonoff E, Baird G, Pickles A, Jones CRG,
et al. Alexithymia in adolescents with autism spectrum disorder: its
relationship to internalising difficulties, sensory modulation and social
cognition. J Autism Dev Disord. 2016;46:1354–67.
146. Brede J, Babb C, Jones C, Elliott M, Zanker C, Tchanturia K, et al. “For me, the
anorexia is just a symptom, and the cause is the autism”: investigating
restrictive eating disorders in autistic women. J Autism Dev Disord. 2020.
147. Hayes AF. Beyond Baron and Kenny: statistical mediation analysis in the
new millennium. Commun Monogr. 2009;76:408–20.
148. Kinnaird E, Sedgewick F, Stewart C, Tchanturia K. Exploring eating disorder
symptoms in autistic men [Internet]. 2018 [cited 2020 Jul 7]. Available from:
https://www.researchgate.net/publication/326946673_Exploring_eating_
disorder_symptoms_in_autistic_men.
149. Karjalainen L, Gillberg C, Råstam M, Wentz E. Eating disorders and eating
pathology in young adult and adult patients with ESSENCE. Compr
Psychiatry. 2016;66:79–86.
150. Meier S, Bulik C, Thornton L, Mattheisen M, Mortensen P, Petersen L.
Diagnosed anxiety disorders and the risk of subsequent anorexia nervosa: a
Danish population register study. Eur Eat Disord Rev. 2015;23:524–30.
151. Eizaguirre E, de Cabezón O, de Alda O, Olariaga J, Juaniz M. Alexithymia and
its relationships with anxiety and depression in eating disorders. Pers Individ
Differ. 2004;36:321–31.
152. Sexton MC, Sunday SR, Hurt S, Halmi KA. The relationship between
alexithymia, depression, and Axis II psychopathology in eating disorder
inpatients. Int J Eat Disord. 1998;23:277–86.
153. Speranza M, Corcos M, Loas G, Stéphan P, Guilbaud O, Perez-Diaz F, et al.
Depressive personality dimensions and alexithymia in eating disorders.
Psychiatry Res. 2005;135:153–63.
154. Torres S, Guerra MP, Lencastre L, Miller K, Vieira FM, Roma-Torres A, et al.
Alexithymia in anorexia nervosa: the mediating role of depression.
Psychiatry Res. 2015;22:99–107.
155. Keefer KV, Taylor GJ, Parker JDA, Bagby RM. Taxometric analysis of the
Toronto structured interview for alexithymia: further evidence that
alexithymia is a dimensional construct. Assessment. 2019;26:364–74.
156. Lane RD, Schwartz GE. Levels of emotional awareness: a cognitive-
developmental theory and its application to psychopathology. Am J
Psychiatry. 1987;144:133–43.
157. Lane RD, Hsu CH, Locke DEC, Ritenbaugh C, Stonnington CM. Role of
theory of mind in emotional awareness and alexithymia: implications for
conceptualization and measurement. Conscious Cogn. 2015;33:398–405.
158. Bird G, Silani G, Brindley R, White S, Frith U, Singer T. Empathic brain
responses in insula are modulated by levels of alexithymia but not autism.
Brain. 2010;133:1515–25.
159. Amrhein V, Greenland S. Remove, rather than redefine, statistical
significance. Nat Hum Behav. 2018;2:4.
160. Benjamin DJ, Berger JO, Johannesson M, Nosek BA, Wagenmakers EJ, Berk R,
et al. Redefine statistical significance. Nat Hum Behav. 2018;2:6.
161. Halsey LG, Curran-Everett D, Vowler SL, Drummond GB. The fickle P value
generates irreproducible results. Nat Methods. 2015;12:179–85.
Vuillier et al. Molecular Autism           (2020) 11:63 Page 18 of 19
162. Lakens D, Adolfi FG, Albers CJ, Anvari F, Apps MAJ, Argamon SE, et al. Justify
your alpha. Nat Hum Behav. 2018;2:168.
163. Bardone-Cone AM, Hunt RA, Watson HJ. An overview of conceptualizations
of eating disorder recovery, recent findings, and future directions. Curr
Psychiatry Rep. 2018;20:79.
164. Liew SM, Thevaraja N, Hong RY, Magiati I. The relationship between autistic
traits and social anxiety, worry, obsessive–compulsive, and depressive
symptoms: specific and non-specific mediators in a student sample. J
Autism Dev Disord. 2015;45:858–72.
165. Mintz LB, O’Halloran MS. The eating attitudes test: validation with DSM-IV
eating disorder criteria. J Pers Assess. 2000;74:489–503.
166. Fairburn CG, Cooper Z. Eating disorders, DSM-5 and clinical reality. Br J
Psychiatry. 2011;198:8–10.
167. Anderluh M, Tchanturia K, Rabe-Hesketh S, Collier D, Treasure J. Lifetime
course of eating disorders: design and validity testing of a new strategy to
define the eating disorders phenotype. Psychol Med. 2009;39:105–14.
168. Castellini G, Lo Sauro C, Mannucci E, Ravaldi C, Rotella CM, Faravelli C, et al.
Diagnostic crossover and outcome predictors in eating disorders according
to DSM-IV and DSM-V proposed criteria: a 6-year follow-up study.
Psychosom Med. 2011;73:270–9.
169. Glidden D, Bouman WP, Jones BA, Arcelus J. Gender dysphoria and autism
spectrum disorder: a systematic review of the literature. Sex. Med. Rev. 2016.
p. 3–14.
170. Castellini G, Fisher A, Bandini E, Casale H, Fanny E, Meriggiola M, et al.
Gender dysphoria is associated with eating disorder psychopathology in
gender dysphoria subjects. J Sex Med. 2014;11:9.
171. Bandini E, Fisher AD, Castellini G, Lo Sauro C, Lelli L, Meriggiola MC, et al.
Gender identity disorder and eating disorders: similarities and differences in
terms of body uneasiness. J Sex Med. 2013;10:1012–23.
172. Carano A, De Berardis D, Campanella D, Serroni N, Ferri F, Di Iorio G, et al.
Alexithymia and suicide ideation in a sample of patients with binge eating
disorder. J Psychiatr Pract. 2012;18:5–11.
173. Alpaslan A, Soylu N, Kadriye A, Coşkun K, Kocak U, Taş H. Disordered eating
attitudes, alexithymia and suicide probability among Turkish high school
girls. Psychiatry Res. 2015;1:224–9.
174. Wheeler K, Greiner P, Boulton M. Exploring alexithymia, depression, and
binge eating in self-reported eating disorders in women. Perspect Psychiatr
Care. 2005;41:114–23.
175. Cassidy S, Bradley L, Shaw R, Baron-Cohen S. Risk markers for suicidality in
autistic adults. Mol Autism. 2018;9:42.
176. Gaigg SB, Cornell AS, Bird G. The psychophysiological mechanisms of
alexithymia in autism spectrum disorder. Autism. 2018;22:227–31.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Vuillier et al. Molecular Autism           (2020) 11:63 Page 19 of 19
